INTRODUCTION
The realization of a neutron spectrometer based on a silicon device operating over a wide energy range is unavoidably related to the features of gamma-neutron discrimination at low energies [1] [2] . In order to obtain a minimum detectable energy lower than 1 MeV, a neutron spectrometer based on a monolithic silicon telescope [3] was investigated and tested. The experimental data analysis of the irradiations with mono-energetic neutrons was supported with an analytical model which takes into account the geometrical structure of the silicon telescope. The reconstruction of continuous neutron spectra was based on an iterative unfolding procedure. The unfolded spectra were compared with literature data acquired through the time of flight technique [4] .
EXPERIMENTAL SET-UP
The neutron spectrometer was assembled by placing a 1 mm thick polyethylene layer in contact with a monolithic silicon telescope. This device, consisting of a ΔE and an E stage-detector (about 1.9 μm and 500 μm thick, respectively) realized on a single silicon wafer, accomplishes the role of detecting the recoil-protons generated in the converter by neutrons impinging on hydrogen nuclei.
The sensitive area of the tested detector is about 1 mm 2 . Both the ΔE and the E stages were biased and two different electronic chains were utilized to amplify and shape the signals induced by the interacting radiation. The pulses generated in the two different stages were acquired eventby-event by exploiting the ΔE stage as a "master" detector for the E stage. This enables the acquisition of the timecorrelated ΔE-E distribution whenever the interacting particle deposits in the ΔE stage an amount of energy higher than a fixed threshold. Since the ΔE stage measures a LET-related quantity, the events corresponding to low-LET particles are excluded through this threshold. Moreover, by triggering over the pulses generated in the ΔE stage, all those signals generated in the E stage only are discarded. This avoids the acquisition of events not crossing the ΔE stage, which surely do not correspond to recoil-protons generated in the polyethylene converter. Therefore, this acquisition mode realizes a first particle discrimination on-line.
IRRADIATIONS WITH MONOENERGETIC NEUTRONS
The experimental characterization of the detection system was carried out by acquiring the responses of the two stages to monoenergetic neutrons. The irradiation fields were produced at the Van Although the ΔE stage is very thin, its planar extension is of the order of a few mm 2 . Therefore, events related to electrons travelling not perpendicularly to the detector surface can deposit enough energy in the ΔE stage to exceed the acquisition threshold. The corresponding signals are then acquired and give rise to a low-LET contribution. However, the two populations of particles are well separated in the scatter plot. A further discrimination can be carried out off-line, thus allowing the extraction of only the distribution of recoil-protons. Figure 2 shows the E-stage spectrum acquired at 1.715 MeV neutron energy without any discrimination. The same spectra acquired with the ΔE-E coincidence and further purged with the off-line discrimination are also shown in the same figure. In a second step, the off-line procedure further improves the discrimination and differentiates the recoil-proton distribution over almost the entire range of deposited energy.
FIG. 2: E-stage spectrum acquired at 1.715 MeV neutron energy without coincidence technique (dark grey), by adopting a ΔE-E coincidence (light grey) and after the off-line discrimination on scatter plot shown in figure 3 (black).
The energy threshold for discrimination resulted to be about 0.350 MeV. It should be emphasized that this limit is of a factor 4 lower than that obtained in the previous works [1] [2] .
The detection efficiency of the system is of the order of 10 -5 counts per unit neutron fluence. The maximum detectable energy is related to the thickness of the E stage and is about 8 MeV for the present device.
CONTINUOUS NEUTRON SPECTRA
The feasibility of a neutron spectrometer based on a monolithic silicon telescope can be demonstrated through its capability of resolving neutron spectra with continuous energy distributions. To this end, the detection system was irradiated at the LNL with secondary neutrons generated at 0° by protons of different energies striking a thick beryllium target.
The energy distributions of the neutron yield were reconstructed with an unfolding algorithm based on a nonlinear least-squared method. The initial guess for the iterative unfolding procedure was uniform in energy. One of the unfolded spectra is compared with the data measured with time-of-flight techniques [4] in figure 3.
FIG. 3: Energy distribution of the yield of neutrons generated at 0° by 5 MeV protons striking a thick beryllium target, measured with the diode spectrometer and time-of-flight techniques [4].
The agreement between the measured spectrum and the reference data is fairly good above 0.350 MeV, which approximately corresponds to the lower discrimination limit derived from ΔE-E scatter plots. This is a confirmation of the capability of the monolithic silicon telescope of discriminating between recoil-protons and the photon background at low energies.
CONCLUSIONS
An alternative silicon device was investigated in order to develop a recoil-proton spectrometer capable of resolving neutron spectra at energies below 1 MeV. The prototype proposed in the present work is the monolithic silicon telescope, a detector constituted by a 1.9 μm thick ΔE stage and a 500 μm thick E stage. By exploiting the coincidence of signals generated in both stages by the incident radiation, recoil-protons resulted to be welldiscriminated from secondary electrons for energies above about 0.350 MeV. The unfolded spectra have been compared with time-of-flight data taken from the literature. However, the agreement was satisfactory for neutron energies above 0.350 MeV. A further reduction of this limit could be achieved by taking into account the energy deposited in the ΔE stage. This issue will be the matter of a future research together with the study of the angular dependence of the detector response functions. 
